. The basic idea on which these predictions are based is simply that, since the three-dimensional structures of proteins tend to be conserved while their sequences evolve, Chothia et al., 1986; Greer, 1985a; Palmer et al., 1986) , there is no general consensus on what is the best way to put it into practice. In the first place, the decision as to which pairs of residues, one in the unknown structure and the other in the known structure, "correspond" depends on how the protein sequences have been aligned. In the second, since there are usually insertions and deletions between these sequences, it is rarely possible to make the backbone conformation of the unknown protein coincide exactly with those of the known proteins, and considerable care is required in order to model the conformations of inserted loops correctly (Bruccoleri & Karplus, 1987; Moult & James, 1986) . Although it is generally easier to predict the conformations of the 2 T. P. Have1 and N. E. Snow side-chains of mutated residues, even this problem is not entirely trivial (Snow & Anzel, 1986; Summers & Karplus, 1989 & Havel, 1988; Have1 et al.: 1983) , which has been used extensively for the calculation of protein structures from n.m.r. data (Wiithrich, 1986 (Havel, 1990 we first identified a subset of the at.oms consisting of all C" atoms together with the C' atoms in those residues that were the same in all of the aligned sequences. T,ower and upper bounds on the distances among these atoms of the unknown structure were then derived from the formula:
where dij is the average distance between a,toms i and j in the known structures, A,, was half of the observed range in value of this distance, Aij is the sum of t.he lengths of any intervening gaps in t,he alignment, and cd and zd are adjustable parameters. In addition, the spatially aligned known structures were examined in order to identify hydrogen bonds and disulphides that were conserved during evolution, and when identical residues were present, in the unknown protein, distance eonstra~int.s were imposed that ensured that these same interactions were present also in the computed conformations. Figure 1 . Stereoview of the best-convergent SPOMS structure from DISGEO (heavy lines) superimposed on the crystal structure (light lines) so as to minimize the C" r.m.s.d. between the C-terminal 52 residues. Only c" atoms and side-chains of the residues that are the same in JQOM3 have been included. , 1982) .
As our first problem, we treated the conformation of SPOMS as unknown and predicted it from that of JQOMS.
These two proteins have a sequence identity of 89 o/o and can be aligned without any gaps. In the above rules for deriving geometric constraints t Since the unit cell of the crystal structure of JQOM3 contains 4 non-equivalent but highly similar copies of the same molecule, we arbitrarily chose one of these for this study.
(1 a = 0.1 nm.) from this alignment, we set zd = 2 L% and Z, = 20 A3 (the values of od and 0" are irrelevant, since we had only 1 known structure).
In addition to the distance and chirality constraints obtained by these rules, "supplementary" distance constraints were imposed in order to ensure that the three disulphide and 27 hydrogen bonds one would expect to be conserved were also present. in the computed conformations. A detailed drawing of one of the computed structures superimposed upon the SPOM3 crystal structure may be found in Figure 1 , from which it may be seen that despite the overall similarity, significant differences still exist, especially in the orientations of the side-chains. These differences, however, could be observed also between the computed structures themselves, thus showing that they are allowed by our geometric hypotheses and should be considered as possible alternatives in the course of any careful structure prediction. were not entirely compatible, and hence that our choice of 0 and z as above were probably smaller than they should be for the degree of sequence identity that exists here. In order to obtain some feeling for the relation between the parameters G and t, and the accura,cy and precision with which a structure is determined when the sequence identity is quite low, w-e next performed a series of three runs in which we att,empted to derive the PPSTI structure from those of the same two ovomucoids, and compared the resulting ensembles with its crystal structure (Bolognesi et al., 1982) . The sequence alignment used contained no gaps, and the sequence identities of PPSTI with JQOM3 and SPOM3 were 3076 and 21%, respectively.
The first of t,hese runs (I) used cr,, = 0" = 2, zd = 1 and z, = 10, while the second (II) used (TV = c'v = 2> zd = 2 and T" = 20 (which are the values used elsewhere in this paper), and the third (III) used crd = 0, = 3, zd = 3 and z, = 20. In addition the constraints in a,11 three runs included 15 hydrogen bonds and three disulphides. The mean Ca r.m.s.d, and PPAD values among the resultant ensembles and with the PPSTI, JQOM3
and SPOMJ X-ray st,ructures are shown in Table 1 . As expected, the greatest differences between the comput,ed structures and the PPSTI crystal structure occurred in the K-terminal 20 residues, where the sequence identity is lowest and the two ovomucoid crystal structures also exhibit significant differences. Another significant difference occurred in the position of the triple-stranded P-sheet, which was displaced by about 4 A towards the N terminus in the computed sbructures, a difference that could be seen also in the ovomucoid structures.
The C" traces of the computed conformations superimposed on those of t,he ovomucoid crystal struct'ures are shown in Figure 3 .
7 The terms short-range and long-ra.nge refer to the number of covalent bonds separat.ing the pair of atoms in question, and not to their spatial proximities. Figure 3 . The C" trace of the lo-structure ensemble computed for PPSTI in run II, together with the c" trace of the SPOMS crystal structure, all superimposed on the crystal structure of JQOM3 so as to minimize the C" r.m.s.d. The 2 ovomucoids JQOM3 and SPOM3 have been drawn with a heavy line, and a few residues have been labelled for reference.
predicting
SPOM3 from JQOMS, we believe that if the N-terminal eight residues preceding the first disulphide are deleted, these structures are all within 1.5 a of the "actual" HPSTI structure in their C" r.m.s.d., and perhaps 2.5 a in their all-atom r.m.s.d.
In order to optimize the atom packing, torsional angle distributions and other fine details of the structure that are difficult to model by means of geometric constraints alone, the individual members of this ensemble were subjected to restrained energy minimization.
These minimizations were performed using a version of the AMBER program (Weiner et al., 1986) In addition, the result of these calculations consists of an entire ensemble of conformations consistent with the geometric hypotheses, which enables one to explore systematically the necessity and sufficiency of different hypotheses.
The methodology described here should generalize easily to much larger proteins, and many improvements in our procedure for deriving distance constraints from sequence alignments are clearly possible. In addition, the rot'omeric preferences of the individual amino acids (Ponder & Richards, 1987) and energetic considerations (Summers et al., 1987) 
